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(54) Sputtering target, method of producing the target, optical recording medium fabricated by 
using the sputtering target, and method of fabricating the optical recording medium 

(57) A sputtering target for fabricating a recording 
layer of a phase-change type optical recording medium 
contains a compound or mixture including as constituent 
elements Ag. In, Te and Sb with the respective atomic 
percent (atom.%) of a, p, y and 5 thereof being in the 
relationship of 2 ^ a ^ 30, 3 s p ^ 30. 10 ^ y s 50. 15 s 
6 ^ 83 and a+p + Y + 6= 100 . and a method of pro- 
ducing the above sputtering target is provided. A phase- 
change type optical recording medium includes a record- 
ing layer containing as constituent elements Ag, In. Te 
and Sb with the respective atomic percent of a. p, y. and 
5 thereof being in the relationship of 0 < a s 30. 0 < p ^ 
30. 10 s y s 50. 10 ^ 6 s 80, and a+p + y+ 6 = 100 . 
and is capable of recordirtg and erasing information by 
utilizing the phase changes of a recording material in the 
recording layer. A method of fatxicating the above 
phase-change type optical recording medium is also pro- 
vided. 
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Description 

The present invention relates to a sputtering target for fabricating a recording layer of an optical recording medium; 
a method of producing the sputtering target; a phase-change type optical recording medium comprising a recording 
5 material in a recording layer thereof, which recording material is capable of causing changes in the phase thereof by 
the application of a laser beam thereto, thereby recording, reproducing and overwriting infbrmation therein; and a method 
of fabricating the above-mentioned phase-change type optical recording medium by using the above-mentioned sput- 
tering target. 

There is conventionally known a phase-change type optical information recording medium which utilizes phase 

10 changes between a crystalline phase and an amorphous phase or between one aystalline phase and another crystalline 
phase as one of the optical recording media which are capable of recording, reproducing and erasing information by 
the application thereto of electromagnetic waves, such as a laser beam. This kind of phase-change type optical infor- 
mation recording medium enables the ovenwriting of information by the application of a single laser beam thereto, 
although such ovenwriting is difficult to conduct by the application of a single laser beam in magneto-optical memory 

75 using a magneto-optical recording medium. An optical system of a drive unit for the phase-change type optical information 
recording medium can be designed simpler than that for a rhagneto-optical recording medium, so that recently research 
and development Of this kind of recording medium has been actively conducted. 

As disclosed in U.S. Patent No. 3.530.441. the so-called chalcogen-based alloys, such as Ge-Te, Ge-Te-Se. Ge- 
Te-S, Ge-Se-S, Ge-Se-Sb, Ge-As-Se. In-Te. Se-Te and Se-As. are conventionally used as recording materials for the 

20 phase-change type optical recording medium. In addition, W is proposed to add an element of Au to the above-mentioned 
Ge-Te based alloy to improve the stability and to increase the rate of crystallization of the recording material as disclosed 
in Japanese l-aid-Open Patent Application 61 -21 9692. Furthermore, the addition of Sn and Au to the Ge-Te based alloy, 
and the addition of Pd to the same are respectively proposed in Japanese Laid-Open Patent Applications 61-270190 
and 62-19490 for the same purposes as mentioned above. Furthermore, recording materials comprising a mixture of 

25 Ge, Te. Se and Sb, and a mixture of Ge. Te and Sb are respectively disclosed in Japanese Laid-Open Patent Applications 
62-73438 and 63-228433. each of which has a specific composition in terms of atomic percent of each constituent 
element of the recording material for the improvement of the recording and erasing repetition properties of the obtained 
recording medium. 

However, none of the above-mentioned conventional phase-change type optical recording media satisfies all the 
30 requirements for the phase-change type rewritable optical recording medium. In particular, most Important points to be 
inproved in the conventional phase-change type optical recording media are to improve the recording sensitivity and 
erasing sensitivity, and to prevent the decrease of the erasability in the course of the overwriting operation, which is 
caused by the portions remaining unerased. 

For the above-mentioned improvements, a mixed-phase type recording material comprising as constituent elements 
35 Ag. In. Sb and Te is proposed, as disclosed in Japanese Laid-Open Patent Applications 3-240590, 4-78031 . 4-232779 
and 5-345478. Such a mixed-phase type recording material can show the recording and erasing sensitivities to the light 
with a peak power of 12 mW or less, and excellent erasability. so that it is effective when used in a recording layer for 
mark edge recording. However, conventional optical recording media employing the Ag-ln-Sb-Te based recording mate- 
rials are still insufficient with respect to the shelf stability and the repetition reliability. 
40 Accordingly, a first object of the present invention is to provide a sputtering target for fabricating a recording layer 
of an optical recording medium with excellent C/N ratio, high erasability and sensitivities, minimum jitter, and sufficient 
shelf stability and repetition reliability. 

A second object of the present invention is to provide a method of producing the above-mentioned sputtering target 
A third object of the present invention is to provide an optical recording medium with excellent C/N ratio, high eras- 
45 ability and sensitivities, minimum jitter, and sufficient shelf stability and repetition reliability 

A fourth object of the present invention is to provide a method of producing the above-mentioned optical recording 
medium. 

The first object of the present invention can be achieved by a sputtering target for fabricating a recording layer of 
an optical recording medium capable of recording and erasing information by utilizing changes in the phase of a recording 
so material in the recording layer, the sputtering target comprising a compound or mixture comprising as constituent ele- 
ments Ag. In, Te and Sb with the respective atomic percent (atom.%) of a. p. y and 6 thereof being in the relationship of 
2 s a s 30. 3 ^ P s 30. 10 £ Y ^ 50. 15 s 6 s 83. and a + p+ Y+ S = 100 . 

It is preferable that the compound or mixture for use in the alx5ve-mentioned sputtering target comprise Sb. and 
AglnTe2 with a stoichiometric composition and/or a nearly stoichiometric composition having a chalcopyrite structure. 
55 and it is preferable that the AglnTe2 form crystallites with a particle size of 450 A or less. 

The second object of the present invention can be achieved by a method of producing a target for sputtering, com- 
prising the steps of mixing Ag. In and Te elements to prepare a mixture of Ag. In and Te elements, fusing the mixture of 
Ag. In and Te elements at SOO^C or more to prepare a fused mixture, rapidly cooling the fused mixture to prepare a solid 
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lump, pulverizing the solid lump to prepare finely-divided particles, mixing the finely-divided particles with Sb to prepare 
a mixture of the finely-divided particles and Sb, ar^l sintering the mixture of the finely-divided particles arxf Sb. 

Alternatively, the second object of the present invention can also be acWeved by a method of producing a target for 
sputtering, comprising the steps of mixing Ag. In. Te and Sb elements to pr^re a mixture of Ag. In. Te and Sb elements, 
5 fusing the mixture of Ag. In. Te and Sb elements at 600**C or more to pr^re a fused mixture, and rapidly cooling the 
fused mixture to prepare a solid lump, pulverizing the sofid lump to prepare finely<Jivided particles, and sintering the 
finely-divided particles. 

In either case, it is preferable that the method of producing the sputtering target further comprise the step of carrying 
out the heat treatment at a temperature not higher than the melting point of the mixture prior to the sintering step. 
10 The third object of the present invention can be achieved by an optical recording medium comprising a recording 
layer capatjie of recording and erasi ng information by utilizing changes in the phase of a recording material in the record- 
ing layer, the recording layer comprising as constituent elements Ag. In. Te and Sb with the respective atomic percent 
of a.p.Yand6thereofbeingintherelationshipofO<a^30,0<ps30. lO^y^SO. 10 s 6 ^80, and a + p + Y+6 = 100 . 
The third object can also be achieved by an optical recording medium comprising a recording layer capable of 
15 recording and erasing information by utilizing changes in the phase of a recording material in the recording layer, the 
recording layer comprising as constituent elements Ag, In. Te. Sb. and nitrogen and/or oxygen atom with the respective 
atomic percent of a. p, y. 6 and £ thereof being in the relationship of0<as30, 0<ps30. 9^Y^50, 9^6^80. 0< 
e 5, and a-i-p + y+ 6 + e=100. wherein e is the total atomic percent of the nitrogen and/or oxygen atom. 

In any case, the atomic percent of a and y in the composition of the above-mentioned recording layer may be in the 
20 relationship of a - y/Z ^ -S. 

From the aspect of the structure of the optical recording medium, it is preferable that the above-mentioned optical 
recording medium comprise a polycarbonate substrate, a first protective layer, the previously mentioned recording layer, 
a second protective layer, a reflective heat dissipation layer and an ultraviolet curing resin layer, which are overlaid in 
this order. 

25 Furthermore, in the atx)ve-mentioned optical recording medium, it is preferable that the first and second protective 

layers employ the same material, with the total of the thermal stress and the true stress of each protective layer being 
at least 1 50 MPa. Further, it is preferable that the yield stress of the recording layer be at least 200 MPa. 

In addition, the previously mentioned recording layer may comprise a nitride and/or oxide comprising at least one 
of the constituent elements Ag, In. Te and Sb; or a nitrogen atom, and may further comprise an element which is capable 

30 of forming an alloy or conpound in combination with any of the constituent elements Ag, In. Te and Sb. 

The fourth object of the present invention can be achieved by a method of producing an optical recording medium 
comprising a recording layer, comprising the step of forming the recording layer in a sputter chamber by sputtering by 
use of a sputtering target which comprises a compound or mixture comprising as constituent elements Ag, In. Te and 
Sb with the respective atomic percent of a, p, y and 6 thereof being in tiie relationship of2^ag30. 3sps30,10sy 

35 < 50, 1 5 g 6 g 83, and a + p + y + 6 = 100 , in a gas comprising argon gas and nitrogen gas with a concentration of 0 
to 15mol%. 

In the above-mentioned method of producing the recording medium, it is preferable that the t>ack pressure be set 
in the range of 3 x 10"^ to 5 x 10~6 jorr prior to the sputtering process. 

Further, it is preferable that a gas containing nitrogen gas witii a concentration higher than the concentration of 
40 nitrogen in the gas employed during the sputtering process be introduced into the sputter chamber after sputtering 
process. 

A more complete appreciation of the invention and many of the attendant advantages thereof will be readily obtained 
as the same becomes better understood by reference to the following detailed description when considered in connection 
with the accompanying drawings, wherein: 

45 

Figs, 1 (a). 1 (b) and 1 (c) are graphs which respectively show the archival life, the shelf properties, and the overwriting 
shelf prop)erties of the phase-change type optical recording media according to tiie present invention comprising 
an Ag-ln-Te-Sb based recording material. 

Fig. 2 is a graph which shows the dependence of the initial deterioration rate of the overwriting shelf properties of 
so the optical recording medium according to the present invention on the composition of the recording layer thereof. 

Figs. 3(a) and 3(b) are schematic cross-sectional views of an optical recording medium, in explanation of the gen- 
eration of a large tensile stress gradient in the recording layer when a laser beam is applied to record information 

therein. 

Fig. 4 is a graph in explanation of the relationship between the stress of a protective layer of the optical recording 
55 medium according to tiie present invention, and the number of times in which the ovowiting operations can be 
repeated. 

Fig. 5 is a graph in explanation of the relationship between the tiiickness of a recording layer comprising an Ag-ln- 
Te-Sb based recording material and tiie yield stress of the recording layer. 
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Fig. 6 is a graph which shows the disc characteristics of a recording layer of an optical recording medium according 
to the present invention, which recording layer is fabricated from a sputtering target produced by the method including 
the heat treatment step. 

Fig. 7 is a graph which shows the disc characteristics of a recording layer of an optical recording medium according 
5 to the present invention, which recording layer is fabricated from a sputtering target produced by the method not 

including the heat treatment step. 

Rg. 8 is a graph which shows the ovenwriting characteristics of an optical recording medium according to the present 
invention, whose recording layer is fabricated from a sputtering target comprising AglnTe2 which forms crystallites 
with a particle size of 500 A. 

10 Fig. 9 is a graph in explanation of the relationship between the k>ack pressure applied prior to the sputtering process 
and the C/N ratio of a recording layer of the obtained optical recording medium according to the present invention. 

In order to obtain an optical recording medium of the present invention, a sputtering target for fabricating a recording 
layer of the optical recording medium can be employed. The sputtering target according to the present invention com- 
75 prises a compound or mixture comprising as constituent elements Ag. In, Te and Sb. with the respective atomic percent 
(atom.%) of a, p, y and 6 thereof being in the relationship of 2 ^ a ^30, 3 ^ p ^ 30, 10 § y ^ 50, 15 ^ 5 s 83, and 
a+p + Y+&=100- 

\\ is preferable that the above-mentioned compound or mixture for use in the target comprise Sb and AglnTe2 with 
a stoichiometric composition and/or a nearly stoichiometric composition having a chalcopyrite structure. In addition, it 

20 is preferable that the above-mentioned AglnTe2 with a stoichiometric corrposition and/or a nearly stoichiometric com- 
position having a chalcopyrite structure form crystallites with a particle size (d) of 450 A or less. 

To obtain the above-mentioned target for sputtering, Ag, In and Te elements are mixed to form a mixture, the mixture 
of Ag. In and Te elements is fused at 600**C or more, rapidly cooled to prepare a solid lump and pulverized to prepare 
f inely<livided particles. The thus prepared finely-divided particles are mixed with Sb. and the mixture of the finely-divided 

25 particles and Sb is sintered. Alternatively. Ag. In. Te and Sb elements are mixed to form a mixture, and the mixture of 
Ag, In. Te and Sb elements is fused at 600*C or more, rapidly cooled and pulverized, and then the thus obtained finely- 
divided particles are sintered. 

In any case, it is advantageous to subject the above-mentioned mixture, that is. the mixture of the finely-divided 
particles of Ag. In and Te elements and Sb. or the mixture of the finely-divided particles of Ag. In. Te and Sb elements, 

30 to heat treatment prior to the sintering step. The heat treatment may be carried out at a temperature not higher than the 
melting point of the mixture, preferably in a rage of 200 to 450**C. more preferably 300 to 400**C. further preferatrfy at 
around 350'*C, that is. tfie temperature lower than the sintering temperature of the mixture. 

The optical recording medium according to the present invention comprises a recording layer capable of recording 
and erasing information by utilizing changes in the phase of a recording material in the recording layer, tiie recording 

35 layer comprising as constituent elements Ag, In. Te and Sb with the respective atomic percent of a, p. y and 6 thereof 
being in tiie relationship of 0 < a g 30. 0 < p ^ 30, 10 ^ y ^ 50, 10 ^ 6 ^ 80. and a + p + y + 6 = 100 . 

The recording layer of tiie optical recording medium according to the present invention may comprise as constituent 
elements Ag, In, Te. Sb and nitrogen and/or oxygen atom, with the respective atomic percent of a, p, y, 6 and e thereof 
being in the relationship of 0 < a ^ 30, 0 < p ^ 30. 9 ^ y ^ 50. 9 ^ 6 s80. 0 < e s 5. and a-i-p+y + 6 + £ = 100 , wherein 

40 e is the total atomic percent of the nitrogen and/or oxygen atom. Namely, it is desirable that the recording layer comprise 
a niti-ide and/or oxide corrprising at least one of the constituent elements Ag, In, Te and Sb, or a nitrogen atom. Such a 
nitride and/or oxide, or a nitrogen atom may constitute the boundaries of crystals in tiie recording layer or the interfaces 
between the recording layer and first and second protective layers to be described later. 

For obtaining excellent disc characteristics of the optical recording medium, it is preferable that tiie respective atomic 

45 percent of a, p. y, and 6 of the constituent elements Ag, In, Te and Sb for use in the previously mentioned sputtering 
target for fabricating the recording layer be in the relationship of 2 ^ a ^ 27. 5 ^ p ^ 28, 13 ^ y s 45, 20 ^ 6 ^ 75, and 
ot+p+y + 6 = 100. more preferably 2 ^ a si 25. 8 s p ^ 25. 15 a y s 40, 25 s 6 § 65. and a + p + y + 5 = 100 . In 
view of the materials for use in the layers constituting the recording medium other than the recording layer, for example, 
a protective layer and a reflective layer, and the thickness of those layers, the most appropriate composition of the target 

so for fabricating the recording layer may be determined so as to obtain a desired linear speed of tiie recording medium 
and a desired mark length. 

As previously mentioned, it is preferable ttiat the compound or mixture for use in the sputtering target of ttie present 
invention comprise Sb and AglnTe2 with a stoichiometric composition and/or a nearly stoichiometric composition having 
a chalcopyrite structure. When tiie recording layer is deposited in a thin film by sputtering by use of the above-mentioned 
55 target, there can be obtained a mixed phase in the recording layer, namely, a crystalline phase comprising AgSbTe2 and 
an In-Sb amorphous phase, by subjecting tiie recording layer to proper heat treatment for initialization. Because of such 
a mixed phase in the recording layer, tiiere can be obtained an optical recording medium capable of showing high 
erasabilrty and repeatedly can-ying out the recording operation and the erasing operation by the low power application. 
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The particle size of crystallites of AglnTe2 with a stoichiometric composition and/or a nearly stoichiometric compo- 
sition having a chalcopyrite structure for use in the sputtering target can be calculated, for instance, from the width of a 
main peak which is obtained from the X-ray diffraction of the pulverized target. For instance, when Cu is employed for 
the source of X-ray and X is about 1 .54 A, the width of the main peak is about 24. 1 °. It is necessary that the width of the 

5 peak be corrected with reference to the main peak of a reference sample with a sufficiently large partide size. In the 
case where the particle size of crystallites of AglnTe2 in the sputtering target is 450 A or less, it is possible to obtain the 
previously mentioned mixed-phase recording layer which is capable of performing stable recording and erasing opera- 
tions as long as the recording layer is subjected to appropriate heat treatment after the fabrication of the recording layer. 
When the recording layer of an optical recording medium is fabricated by sputtering by use of the previously men- 

10 tioned target of the present invention, it is desirable that the back pressure (p) applied prior to the sputtering process be 
set in the range of 3 x 10"^ ^ (p) g 5 x 10~6 Jonr. \Nhen the back pressure (p) is set so as to satisfy the relationship of 
3 X 10"7 ^ (p) ^ 5 X 10"^ Torr. the amorphous phase comprising a mixture of AgtnTe2 and Sb can be readily turned into 
the mixed-phase of the crystalline phase of AgSbTe2 and the In-Sb amorphous phase in the recording layer by some 
heat treatment 

75 In addition, when the recording layer of the optical recording medium according to the present invention is formed 
by sputtering by use of the previously mentioned sputtering target, it is preferable that argon gas be mixed with nitrogen 
gas at a concentration of 0 to 15 mol% in a sputter chamber. Depending on the amount of nitrogen in the gas. the 
composition of the obtained recording layer can be adjusted. Thus, the recording layer can be fitted to a predetermined 
linear speed of the recording medium, the desired structure of layers of the recording medium, and the desired operating 

20 conditions of the recording medium. By use of a mixed gas of nitrogen gas and argon gas in the course of sputtering, 
the recording and erasing repetition reliability of the recording medium according to the present invention is improved. 
The mixed gas previously obtained by mixing nitrogen gas and argon gas at a predetermined mixing ratio may be intro- 
duced into the sputter chamber, or the gases are introduced into the sputter chamber with the respective flow rates of 
the nitrogen gas and the argon gas being controlled so as to obtain a desired molar ratio. 

25 Further, it is advantageous that a gas containing nitrogen gas with a concentration higher than the concentration of 
nitrogen in the gas employed during the sputtering process be introduced into the sputter chamber after sputtering 
process. 

As the electromagnetic waves for use in the present invention, which are used for initializing the fabricated recording 
layer, and carrying out the recording, reproducing and erasing operations, there can be employed laser beams, electron 
30 rays. X-rays, ultraviolet rays, visible rays, infrared rays, and miaowave. In particular, the semiconductor laser beam is 
most applicable as the electromagnetic wave for use in the recording, reproducing and erasing operations because a 
system for driving the optical recording medium can be made compact. 

It is preferable that the thickness of the recording layer produced by the method of the present invention by use of 
the above-mentioned sputtering target be in the range of 80 to 5.000 A. more preferably in the range of 150 to 1,000 A. 
35 When the thickness of the recording layer is in the range of 80 to 5.000 A, sufficient light absorbing power of the recording 
layer can be maintained, and the phase change can uniformly and speedily take place in the recording laya-. 

The optical recording medium comprising an Ag-ln-Sb-Te based recording material according to the present inven- 
tion is superior to the conventional recording media with respect to (1) the shelf stability and (2) the overwriting repetition 
reliability. 

40 By using four kinds of optical recording media No. I to No. IV as showm in Table 1 , the deterioration behaviors of the 
optical recording media according to the present invention were examined to evaluate the shelf stability from the following 
aspects: 

(1) Archival life: the shelf life of a recorded signal when stored at 80*»C and 85%RH, with respect to the readability 
45 thereafter. 

(2) Shelf properties: the sheH life of a non-recorded portion, that is, an initialized portion when stored at 80°C and 
85%RH, with respect to the recordability thereafter. 

(3) Ovenwriting shelf properties: the shelf life of a signal-recorded portion when stored at 80**C and 85%RH, with 
respect to the overwriting capability thereafter. 

so 

To be more specif ic, the evaluation was carried out in such a manner that the linear speed of each optical recording 
medium was set at 1.2 m/sec. and the overwriting frequency was set at 0.72 MHz/0.20 MHz. 
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Table 1 



5 


RecordinQ 
Medium No. 


oL03'Siraie 


1 irsi rioiei*- 
tive Layer 
(Thickness) 


{*) (Thickness) 


Sennnd Pro- 
tective Layer 
(Thickness) 


Reflective Laver 
(Thickness) (***) 


Mark in 
Figs. 1 & 2 




No. 1 


PCD 


ZnS • Si02 
(200 nm) 


Ag8lni5Sb43Te34 
(35 nm) 


AIN (30 nm) 


Ag (70 nm) 


O 


10 


No. II 


pc{n 


ZnS • Si02 
(200 nm) 


Ag6lniiSb49Te32 
(30 nm) 


ZnS • Si02 
(20 nm) 


Al alloy (100 nm) 


A 




No. Ill 


PC(") 


ZnS-Si02 
(200 nm) 


Agiilni4Sb43Te32 
(30 nm) 


ZnS • Si02 
(20 nm) 


A! alloy (100 nm) 


□ 


15 


No. IV 


PC(**) 


ZnS - Si02 
(200 nm) 


Ac:ilni4Sb43Te32 
(20 nm) 


ZnS • Si02 
(20 nm) 


Al alloy (100 nm) 


■ 



{•) The composition of each recording layer was analyzed by the induced coupled plasma (ICP) analysis. 
(*•) PC denotes polycartwnate. 

On the reflective layer, ultraviolet-curing resin was coated with a thickness of 4 ^m in any of the recording media. 



The shelf deterioration behaviors of the above optical recording media comprising the Ag-ln-Sb-Te based phase- 
change recording material are shown in Figs. 1(a) to 1(c). 

25 Figs. 1 (a), 1 (b) and 1 (c) are graphs which respectively show the archival life, the shelf properties, and the overwriting 

shelf properties of the phase-change type optical recording media Nos. I. II and 111 according to the present invention, 
each comprising an Ag-ln-Sb-Te based recording material. 

As is apparent from the graph shown in Fig. 1(c). the ovenwriting shelf properties of the recording medium No. Ill 
deteriorate when stored at 80**C and 85%RH for 200 hours. This deterioration will be refen-ed to as an initial deterioration. 

30 Further, with respect to the archival life of the recording media shown in Fig. 1 (a) , the recording medium No. 1 deteriorated 
when stored at SO'^C and 85%RH for about 1 ,000 hours. This deterioration will be referred to as a middle-phase dete- 
rioration. In particular, the initial deterioration of the ovenwriting shelf properties is considered to be the most important 
probi em to be sol ved. 

It has been confirmed by the analysis that the initial deterioration of the overwriting shelf properties results from the 
35 phenomenon that some portions cannot be completely made amorphous in the recording layer when the recording 
medium is stored under the circumstances of high temperature of 80**C and high humidity of 85%RH. 

In addition, it has also boon confirmed that the deteriorating rate of the initial deterioration with respect to the over- 
writing shelf properties depends on the composition of the recording layer of the recording medium. As shown in Fig. 2. 
whenthe atomic percentaofAgandyofTein the composition of therecording layer are inthe relationship of a - y/2 ^ -8 . 
40 the initial deterioration rate with respect to the ovenwiting shelf properties can be efficiently decreased. The initial dete- 
rioration rate is expressed by an increment in jitter of a recording signal per hour of the storage time. With respect to the 
initial deterioration of the overwriting shelf properties, there is no striking dependence on the thickness of the recording 
layer, the material for use in the second protective layer, and the material for use In the reflective heat dissipation layer. 
The repetition reliability of the Ag- In-Sb-Te based phase-change type optical recording medium will now be explained 
45 in detail. 

The repetition properties of the above-mentioned optical recording medium were examined by observing the con- 
dition of the recording layer by use of a transmission-type electron microscope, and conducting the electron diffraction 
after the overwriting operations were repeatedly carried out. As a result, generation of voids and segregation of the 
composition of the recording layer were recognized. 

so The generation of voids and the segregation of the composition of the recording layer are inseparable phenomena. 

A portion from which a constituent element of the recording layer is moved is recognized as a void, and the movement 
of the elements causes the segregation of the recording layer. In other words, the deterioration of the overwriting repetition 
properties is caused by the movement of the constituent elements of the recording layer. According to the report of C. 
Herring. J. Appl. Rhys.. 21 ,437 (1 950). it is considered that the movement of the constituent elements of the recording 

55 layer is driven by a tensile stress gradient generated in the recording layer. 

The movement of the constituent elements of the recording layer will now be explained by referring to Figs. 3(a) and 
3(b). 

In an optical recording medium as shown in Figs. 3(a) and 3(b). a first protective layer 13. a recording layer 15. a 
second protective layer 1 7 are successively overlaid on a substrate 1 1 . 
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In Fig. 3(b). a portion of the recording layer 1 5 is fused by the application of a laser beam 21 for recording information 
therein. At this time, the tensile stress is practically lost at the fused portion, vyrhile the tensile stress (S) of about +200 
MPa is applied to an unfused portion, so that a large tensile stress gradient is generated in the recording layer 15. The 
elements 19 constituting the recording layer 15 are therefore driven to move in the directions of arrows ^at the fused 

5 portion, as shown in Fig. 3(b), In Fig. 3(a), the laser beam for the recording operation is not applied to the recording 
medium, so that the tensile stress (S) of about 4500 MPa is uniformly applied to the recording layer 15, and no tensile 
stress gradient is generated in the recording layer 15. 

The tensile stress generated in the recording layer 15 is determined by the total sum of the thermal stress and the 
true stress, in particular, the conpression stress, of the first protective layer 13 and the second protective layer 17. 

10 Therefore, the tensile stress gradient in ttie recording layer 15 can be decreased by reducing the thermal stress and the 
compression stress of the first protective layer 13 and the second protective layer 17. 

Fig. 4 is a graph which shows the relationship between the number of the repeated ovenwriting operations and tiie 
sum of the thermal stress and the true stress of the first protective layer of the optical recording medium. As can be seen 
from the graph shown in Fig. 4, it is preferable that the total of the thermal stress and the true stress of the protective 

75 layer be - 1 50 M Pa or more to carry out the ovenwriting operations 2 .000 times or more, and that the total of those stresses 
of the protective layer be -1 00 MPa or more to carry out the ovenArriting operations 1 0.000 times or more. 

When the tensile stress generated in the recording layer exceeds the yield stress thereof, voids are generated in 
the recording layer and the recording layer is cut off. Therefore, it is necessary that the yield stress of the recording layer 
be larger than the tensile stress generated in the recording layer. 

20 Fig. 5 is a graph which shows the relationship t»etween the thickness of the Ag-ln-Te-Sb based recording layer and 

the yield stress thereof. The tensile sfress generated in the Ag-ln-Te-Sb based recording layer is in tiie range of 150 to 
250 MPa. so that it is preferable that the yield sti^ess of the recording layer be 200 MPa or more, more preferably 250 
MPa or more. To obtain such a yield stress of the Ag-ln-Te-Sb based recording layer, the thickness of the Ag-ln-Te-Sb 
based recording layer for use in the present invention may be adjusted to 50 nm or less, preferably 30 nm or less as can 

25 be seen from the graph shown in Fig. 5, 

The generation of voids in the recording layer during tiie repeated oven^friting operations is increased in the case 
where the materials for the first protective layer is different from that for tiie second protective layer. If the materials for 
the first and second protective layers are different, the wettabilities of the first and second protective layers by the record- 
ing material become different when tiie recording material is fused by the application of the laser beam in the ovenwiting 

30 operation. As a result, the fused recording material in tiie recording layer moves to tfie interface between the recording 
layer and tiie one protective layer with better wettability, consequentiy. tiiereby generating the voids on tiie interface 
between the recording layer and anotiier protective layer witii poorer wettability The generation of the voids result in the 
deterioration of the overwriting repetition properties of the recording medium. Therefore, tiie ovenwriting repetition prop- 
erties of the optical recording medium according to the present invention can be improved by employing the same 

35 material for the first and second protective layers. 

When the thermal conductivity of the first protective layer is different from that of the second protective layer, there 
is generated a thermal sfress distribution. This is also the cause of the movement of the recording material in the recording 
layer. From the viewpoint of thermal conductivity, it is desirable to employ ttie same material for the first and second 
protective layers. 

40 As described in Japanese Laid-Open Patent Application 4-7803 1 . a mixed-phase structure composed of an AgSbTea 
phase and an In-Sb phase is formed in an Ag-ln-Sb-Te based recording material. When optical recording is performed, 
phase changes of the AgSbTe2 take place between the crystalline state and the amorphous state. In this case, the 
particle size of the crystallites of AgSbTe2 is about 10 nm. In such a mixed phase structure, the amount of constituent 
elements of the recording material which move in the recording layer is dominant at the interface of the mixed phases. 

45 .and increases as the tensile stress gradient generated in tiie recording layer increases. 

The movement of the constituent elements of ttie recording material in the recording layer can also be prevented 
by capturing those elements in the course of movement. To be more specific, a cart>on atom, a nitrogen atom and an 
oxygen atom, which are respectively teti-avalent. trivalent and bivalent, can capture the constituent elements of the 
recording material moving in tiie recording layer. Furthermore, tiie addition of elements such as Al, Ga, Se, Ge. Pd and 

50 Pb to the recording layer is effective because they can form an alloy or compound in combination witii any of the con- 
stituent elements Ag. In. Te and Sb. 

As previously explained, to ensure high shelf stability of the optical recording medium according to the present 
invention. i1 is preferable that the respective atomic percent of a. p. y, and 6 of the constituent elements Ag, In. Te and 
Sb for use in the recording layer be in the relationship of 0 < a ^30. 0 < p ^ 30. 10 ^ Y ^ 50. 10 g 6 ^ 80. a - y/2 s -8 . 

55 and a+p + Y + 5 = 100 - 

As previously mentioned, the recording layer of tiie optical recording medium according to the present invention 
may further comprise an element such as C, N, O. Al. Ga, Se. Ge. Pd or Pb. For the addition of the elements C. N and 
O to the recording layer. CH4. N2. NH3. NO2, and N2O can be used. 
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In the present invention, glass, ceramics and resins are usable as the materials for the substrate of the optical 
recording medium. In particular, the resin substrate is advantageous from the viewpoints of moldability and manufacturing 
cost. Examples of the resin for use in the substrate of the recording medium include polycarbonate resin, epoxy resin, 
polystyrene resin, acrylonitrile - styrene copolymer resin, polyethylene resin, and polymethyl methacrylate resin. Of 
these resins, the polycarbonate resin is most preferable in terms of the processability and the optical properties. The 
substrate may be prepared in the form of a disc, card or sheet. The thickness of the substrate may be arbitrarily selected 
from 1 .2 mm, 0.6 mm, 0.3 mm and so on. A thinner substrate is desired because the occurrence of cross talk phenomenon 
depends on the tilt of the substrate. However, when the difficulty in the formation of the layers overlaid on the substrate 
and the yield of the recording medium are taken into consideration, the most preferable thickness of the substrate is 0.6 
mm. 

The first and second protective layers for use in the present invention can be provided by sputtering, ion plating, 
vacuum deposition or plasma CVD method. 

Specific examples of the material for use in the first and second protective layers include oxides such as SiO. SiOa. 
ZnO, Sn02. AI2O3. TiOa. In203, MgO, and ZrO^ nitrides such as Sisl^U, AIN, TIN. BN and ZrN; sulfides such as ZnS. 
10283 and TaS^; carbides such as SiC, TaC4, B4C, WC. TIC and ZrC; cart>on with a diamond structure; and mixtures 
thereof. 

It is preferable that the thickness of the first protective layer be in the range of 50 to 500 nm, more preferably in the 
range of 100 to 300 nm, and further preferably in the range of 120 to 250 nm. It is preferable that the thickness of the 
second protective layer be in the range of 5 to 300 nm, more preferably in the range of 10 to 50 nm. 

When the first and second protective layers are provided by sputtering, the stress of both protective layers can be 
controlled by the pressure and electric power in the course of sputtering process and the distance between the substrate 
and the target for fobricating each protective layer. In general, the stress of the obtained protective layers can be reduced 
when they are formed by sputtering under such conditions that the pressure is increased, the plasma electric power is 
decreased, and the distance between the substrate and the target is increased. In addition, the stress of the protective 
layers can be reduced by using a composite material for each protective layer. 

The reflective heat dissipation layer is not always necessary, but the provision of this layer is desirable because the 
thermal energy excessively accumulated during the recording and/or erasing operations can be dissipated by the reflec- 
tive heat dissipation layer, thereby reducing the thermal damage applied to the recording medium itself. 

Examples of the material for the reflective heat disspation layer include metals such as Al, Ag and Au. Furthermore, 
elements such as Tl, Cr and Si may be added to he above-mentioned materials. The reflective heat dissipation layer 
can be provided by sputtering, ion-plating, vacuum deposition or plasma CVD method. 

Other features of this invention will become apparent in the course of the following description of exemplary embod- 
iments, which are given for illustration of the invention and are not intended to be limiting thereof. 

Examples 1 to 16 and Comparative Examples 1 to 8 

A 200 nm thick first protective layer of ZnS • Si02 was provided on a polycarbonate substrate with a thickness of 
1 .2 mm with guide grooves having a width of about 0.6 jim and a depth of about 600 A. On the first protective layer, a 
recording layer with a thickness of 25 nm was formed by sputtering by use of a target as shown in Table 2. Further, a 
30 nm thick second protective layer of ZnS • Si02, a reflective heat dissipation layer comprising an aluminum alloy with 
a thickness of 100 nm, and an ultraviolet-curing resin layer with a thickness of 5 fim were successively overlaid on the 
recording layer. 

Table 2 shows the composition of a sputtering target for fabricating each recording layer, which comprises Sb and 
a compound of AglnTe2 with a stoichiometric composition arxd/or a nearly stoichiometric composition having a chalcop- 
yrite structure; and the composition of the obtained recording layer. 

The recordi ng layer was formed on the first protective layer by sputtering under such conditions that the back pressure 
applied prior to the sputtering process was set at 9 x 10~7 Tonr, and then adjusted to 4 x 10"3 Torr during the sputtering 
process by introducing argon gas into the sputter chamber, and the RFpower was set at 40 W. 

Thus, disc-shaped optical recording media Nos. 1 to 16 according to the present invention and comparative disc- 
shaped optical recording media Nos. 1 to 8 were fabricated. 

Using each of the above-mentioned optical recording media Nos. 1 to 16 according to the present invention and 
comparative optical recording media Nos. 1 to 8; the recording properties were evaluated by recording a mark with a 
length of about 1 jim, and the erasing properties were then evaluated by overwriting the above-mentioned mark by a 
mark with a length of about 3 jim. Those evaluations were carried out in such a manner that each recording medium 
was rotated at such a linear speed as to obtain a maximum C/N ratio, a semiconductor laser beam with a wavelength 
of 780 nm was employed for recording and overwriting operations, and the objective lens with a numerical aperture (N A) 
of 0.5 was used. 

As a result of the above-mentioned evaluations, the disc characteristics of each recording medium were assessed 
in accordance with the following scale: 
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Level 3: Excellent cfisc characteristics. 

C/N s 55 dB. and erasability (Ers) ^ -35 dB. 
Level 2: GkxxJ disc characteristics. 

55 > C/N ^ 45 dB. and -35 < (Ers) s -25 dB. 
5 Level 1 : Poor disc characteristics. 

C/N < 45 dB. and (Ers) > -25 dB. 



10 



15 



SO 



25 



30 



35 



40 



45 



SO 



9 



EP 0 717 404 A1 

The results of the disc characteristics are also shown in Table 2. 
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As can be seen from the results shown in Table 2. the disc characteristics of the optical recording medium are 
satisfactory when the sputtering target for fabricating the recording layer comprises as constituent elements Ag. In. Te 
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and Sb, with the respective atomic percent being In the relationship of 2 g a ^ 30. 3 ^ p ^ 30. 10 g Y ^ 50. 1 5 ^ 6 ^ 83, 
and a+p + Y + Ss 100 . 

Examples 17 and 18 and Comparative Example 9 

The procedure for fabricating the disc-shaped optical recording medium No. 3 in Example 3 was repeated except 
that nitrogen gas was added to the argon gas a1 a concentration of 6.0. 15.0 and 20.0 mol% in the sputter chamber, 
respectively in Example 1 7. Example 1 8 and Comparative Example 9. when the recording layer was formed on the first 
protective layer by sputtering. 

Thus, disc-shaped optical recording media Nos. 17 and 18 according to the present invention, and a comparative 
disc-shaped optical recording medium No. 9 were fabricated. 

Table 3 shows the corrpositlon of each of the thus obtained recording layer in terms of the atomic percent of each 
element. 

Under appropriate recording conditions, each of the optical recording media Nos. 3, 17 and 18 according to the 
present Invention and the comparative optical recording medium No. 9 was repeatedly subjected to the overwriting 
operation. In the overwriting operation the recording and overwriting frequencies were adjusted so that a mark with a 
length of afcx>ut 1 fim. and a mark with a length of about 3 jxm were alternately overwritten. Then, the maximum number 
of the repeated overwriting operations was obtained. 

The results are also shown in Table 3. 



Tables 



Example No. 


N2/(Ar+N2) [mol%] 


Composition of Recording Layer (atom.%) 


Maximum Number of Repeated 
OvenAflriting Operations 






Ag 


In 


Te 


Sb 


N 




Ex. 3 


0 


5.5 


9.0 


21.0 


64.5 


0 


200,000 


Ex. 17 


6.0 


5.4 


8.8 


20.6 


63.2 


2.0 


800.000 


Ex. 18 


15.0 


5.1 


8.6 


20.0 


61.3 


5.0 


600.000 


Comp. Ex. 9 


20.0 


5,1 


8.4 


19.5 


60.0 


7.0 


10.000 



As is apparent from the results shown in Table 3, the ovenwriting repetition properties of the optical recording medium 
according to the present invention are satisfectory when the concentration of the nitrogen gas is 15 mol% or less in the 
sputter chamber in the course of the formation of the recording layer by sputtering. 

Example 19 

The sputtering target for fabricating the recording layer used in Example 5 was produced by fusing the constituent 
elements to prepare a fused mixture, rapidly cooling the fused mixture to prepare a solid lump, pulverizing the solid lump 
to prepare finely-divided particles, and sintering the finely-divided particles. 

The procedure for preparation of the disc-shaped optical recording medium No. 5 In Example 5 was repeated except 
that the method of producing the target for fabricating the recording layer of the recording medium No. 5 in Example 5 
was modified in such & manner that the heat treatment step was added prior to the sintering step. Thus, a disc-shaped 
optical recording medium No. 5a according tQ.the present invention was obtained. 

The overwriting characteristics of the optical recording medium No. 5a were compared with those of the optical 
recording medium No. 5 by carrying out the overwriting operation at a linear speed of the recording medium of 5 m/sec. 

Rg. 6 Is a graph which shows the ovenwriting characteristics of the optical recording medium No. 5a, the recording 
layer of which was fabricated by using the target produced by the method Including the heat treatment step before the 
sintering step. 

In contrast to this, Fig. 7 is a graph which shows the ovenwriting characteristics of the optical recording medium No. 
5. the recording layer of which was fabricated by using the target produced by the method not including the heat treatment 
step before the sintering step. 

As a result, the optical recording medium No. 5a is supehor to the recording medium No. 5 with respect to the disc 
characteristics such as the C/N ratio and the erasability, and the overwriting sensitivity. 
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Example 20 

It was confirmed that each of the sputtering targets employed in Examples 1 to 16 for fabricating the recording layer 
comprises AglnTe2 forming crystallites with a particle size of 450 A or less. 
5 The procedure for preparation of the disc-shaped optical recording medium No. 9 in Example 9 was repeated except 

that the target for fabricating the recording layer of the recording medium No. 9 in Example 9 was replaced by a target 
with the same composition as that of the target employed in Example 9. with the particle size of crystallites of AglnTe2 
being controlled to 500 A. Thus, a disc-shaped optical recording medium No. 9a according to the present invention was 
obtained. 

70 The overwriting characteristics of the optical recording medium No. 9a were compared with those of the optical 
recording medium No. 9 by can^ying out the overwriting operation at a linear speed of the recording medium of 2 m/sec. 

Fig. 8 is a graph which shows the overwriting characteristics of the optical recording medium No. 9a. 

As a result, the optical recording medium No. 9 is superior to the recording medium No. 9a with respect to the disc 
characteristics such as the C/N ratio and the erasabilrty, and the overwriting sensitivity. 

IS 

Exarrple 21 

The constituent elements of Ag. la Te and Sb for use in a target with the same composition as that of the target 
used in Example 5 were fused at a temperature of 600*»C or more, and the fused mixture was rapidly cooled and pul- 
20 verized. Thereafter, the obtained f inely-divided particles were sintered. Thus, a sputtering target according to the present 
invention viras obtained for fabricating a recording layer of the optical recording medium. 

The procedure for preparation of the above-mentioned target was repeated except that a nrvxture of the constituent 
elements was fused at 580*'C. so that a comparative target was fabricated. 

Using the above-mentioned two kinds of targets, disc-shaped optical recording media Nos, 5b and 5c were fabricated 
25 in the same manner as in Example 5. 

The thus obtained disc-shaped optical recording media Nos. 5b and 5c were compared with each other. As a result, 
the recording and erasing characteristics of the optical recording medium No. 5b were better than those of the optical 
recording medium No. 5c. 

30 Example 22 

On a polycarbonate substrate with a thickness of 1 .2 mm. a first protective layer of ZnS • Si02 with a thickness of 
200 nm, a recording layer with the composition of Ag8lniiSb47Te34 with a thickness of 20 nm. a second protective layer 
of ZnS • Si02 with a thickness of 20 nm, and a reflective heat dissipation layer with a thickness of 100 nm comprising 
35 an Al alloy were successively provided by sputtering process, and an uHraviolet-curing resin layer with a thickness of 4 
^im was further provbed on the reflective heat dissipation layer by spin coating method. 

In the formation of the first and second protective layers, the reaction pressure was set at 0.008 Torr end the plasma 
power was set at 1 .0 kW so as to control the stress of each protective layer to -130 MPa. 

In addition, the composition of the recording layer was adjusted so as to satisfy the relationship of a - y/2 = -9 . The 
40 yield stress of the recording layer was 270 MPa. 

Thus, a disc-shaped phase-change type optical recording medium No. 22 according to the present invention was 
fabricated. 

Then, the shelf stability and the ovenwriting repetition reliability of the recording medium No. 22 were examined. To 
be more specific, the evaluations of the archival life, the shelf properties, and the ovenwriting shelf properties of the 
45 recording medium No. 22 were can-ied out in such a manner that the optical recording medium No. 22 was rotated at a 
linear speed of 1 ,2 m/sec after storage at 80*Cand 85%RH. and the ovenwriting frequency was set at 0.72 MHz/0.20 MHz. 

The shelf life of the recording medium No. 22 with respect to each of the above-mentioned evaluation items is 
expressed by a maximum period of storage time after which recording can be carried out without the jitter la exceeding 
35 ns. 

so The ovenwriting repetition reliability of the optical recording medium No. 22 is expressed by the maximum number 
of the repeated overwriting operations in which the jitter Ict did not exceed 35 ns. 

As a result, the shelf life of the recording medium No. 22 was 2.000 hours or more with respect to the archival life, 
the shelf properties and the ovenwriting shelf properties. The ovenAfriting repetition reliability was about 5,000 times. 

£5 Example 23 

On a polycartx)nate substrate with a thickness of 1 .2 mm. a first protective layer of ZnS • Si02 with a thrckness of 
200 nm. a recording layer with a thickness of 20 nm. comprising Ag8lniiSb47Te34 and N. a secorxJ protective layer of 
ZnS • SiOa with a thickness of 20 nm. and a reflective heat dissipation layer with a thickness of 1 00 nm comprising an 
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AI alloy were successively provided by sputtering process, and an ultraviolet-curing resin layer with a thickness of 4 |xm 
was further provided on the reflective heat dissipation layer by spin coating method. 

In the formation of the first and second protective layers, the reaction pressure was set at 0.008 Torr and the plasma 
power was set at 1.0 kW so as to control the stress of each protective layer to -130 MPa. 

In the formation of the recording layer, the sputtering was carried out in a gas comprising argon gas and nitrogen 
gas with a concentration of 3 mol%. In addition, the composition of the recording layer was adjusted so as to satisfy the 
relationship of a - yl2 = -9 . The yield stress of the recording layer was 270 MPa. 

Thus, a disc-shaped phase-change type optical recording medium No. 23 according to the present invention was 
fabricated. 

Then, the archival life, the shelf properties, the ovenwrlting shelf properties, and the overwriting repetition reliability 
of the recording medium No. 23 were evaluated in the same manner as in Example 22. 

As a result, the shelf life of the recording medium No. 23 was 2,000 hours or more with respect to the archival life, 
the shelf properties and the overwriting shelf properties. The ovenwriting repetition reliability was about 7,000 times. 
With the addition of nitrogen to the composition of the recording layer, the overwriting repetition reliability of the obtained 
optical recording medium according to the present invention was inrproved. 

Example 24 

On a polycarbonate substrate with a thickness of 1 .2 mm, a first protective layer of ZnS • SiOz with a thickness of 
200 nm, a recording layer with a thickness of 20 nm, comprising Ag8lniiSb47Te34 and Pd, a second protective layer of 
ZnS • Si02 with a thickness of 20 nm, and a reflective heat dissipation layer with a thickness of 100 nm comprising an 
AI alloy were successively provided by sputtering process, and an ultraviolet-curing resin layer vwth a thickness of 4 ixm 
was further provided on the reflective heat dissipation layer by spin coating method. 

In the formation of the first end second protective layers, the reaction pressure was set et 0,008 Torr end the plasma 
power was set at 1.0 kW so as to control the stress of each protective layer to -130 MPa. 

In the formation of the recording layer. Pd was added in an amount of 0.3 wt.% to the composition of the sputtering 
target for fabricating the recording layer. In addition, the composition of the recording layer was adjusted so as to satisfy 
the relationship of oi.-yl2- -2 . The yield stress of the recording layer was 270 MPa. 

Thus, a disc-shaped phase-change type optical recording medium No. 24 according to the present invention was 
fabricated. 

Then, the archival life, the shelf properties, the ovenwriting sheH properties, and the ovenwriting repetition reliability 
of the recording medium No. 24 were evaluated in the same manner as in Example 22. 

As a result, the shelf life of the recording medium No. 24 v\as 2.000 hours or more with respect to the archival life, 
the shelf properties and the overwriting shelf properties. The ovenvriting repetition reliability was about 7,000 times. 
With the addition of Pd to the composition of the recording layer, the overwriting repetition reliability of the obtained 
optical recording medium according to the present invention was improved. 

Example 25 

On a polycartx)nate substrate with a thickness of 1 .2 mm. a first protective layer of ZnS • Si02 with a thickness of 
200 nm, a recording layer with a thickness of 1 7 nm comprising Agstni iSb47Te34, a second protective layer of ZnS • Si02 
with a thickness of 20 nm, and a reflective heat dissipation layer with a thickness of 100 nm conprising an AI alloy were 
successively provided by sputtering process, and an ultraviolet-curing resin layer with a thickness of 4 |uim was further 
provided on the reflective heat dissipation layer by spin coating method. 

In the formation of the first and second protective layers, the reaction pressure was set at 0,008 Torr and the plasma 
power was set at 1 .0 kW so as to control the stress of each protective layer to -130 MPa. 

In addition, the composition of the recording layer was adjusted so as to satisfy the relationship of a - y/2 = -9 . The 
yield stress of the recording layer was 290 MPa. 

Thus, a disc-shaped phase-change type optical recording medium No. 25 according to the present Invention was 
fabricated. 

Then, the archival life, the shelf properties, the overwriting shelf properties, and the ovenwriting repetition reliability 
of the recording medium No. 25 were evaluated in the same manner as in Example 22. 

As a result, the shelf life of the recording medium No. 25 was 2.000 hours or more with respect to the archival life, 
the shelf properties and the ovenwriting shelf properties. The ovenvriting repetition reliability was about 8.000 times. 

Example 26 

On a polycartx>nate substrate with a thickness of 1 .2 mm, a first protective layer of ZnS • Si02 with a thickness of 
200 nm. a recording layer with a thickness of 1 7 nm comprising Agslni iSb47Te34. a second protective layer of ZnS • Si02 
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with a thickness of 20 nm. and a reflective heat diss^iation layer with a thickness of 1 00 nm comprising an Al alloy were 
successively provided by sputtering process, and an ultraviolet-curing resin layer with a thickness of 4 nm wag further 
provided on the reflective heat dissipation layer by spin coating method. 

In the fornnation of the first and second protective layers, the reaction pressure was set at 0.008 Torr and the plasma 
5 power was set at 0.8 kW so as to control the stress of each protective layer to - 1 00 MPa. 

In addition, the composition of the recording layer was adjusted so as to satisfy the relationship of a - y'S = -9 . The 
yield stress of the recording layer was 290 MPa, 

Thus, a disc-shaped phase-change type optical recording medium No. 26 according to the present invention was 
fabricated. 

10 Then, the archival life, the shelf properties, the ovenwriting shelf properties, and the ovenwiting repetition reliability 
of the recording medium No. 26 were e^luated in the same manner as in Example 22. 

As a result, the shdf life of the recording medium No. 26 was 2.000 hours or more with respect to the archival life, 
the shelf properties and the overwriting shelf properties. The ovenwriting repetition reliability was about 10.000 times. 

75 Example 27 

The procedure for preparation of the disc-shaped optical recording medium No. 3 in Example 3 was repeated except 
that the back pressure applied prior to the sputtering process for forming the recording layer in Example 3 was variously 
changed. Thus, cfisc-shaped optical recording media according to the present invention were obtained. 
20 Fig . 9 is a graph which shows the relationship between the back pressure and the C/N ratio of the obtained recording 
medium. 

As is apparent from the graph shown in Fig. 9, preferable C/N ratio can be obtained when the back pressure was 
in the range of 3 x 10"7 to 5 x 10"8 Ton-. 

As previously explained, the optical recording medium according to the present invention is excellent with respect 
25 to the C/N ratio, erasability. sensitivities, jitter, shelf stability, repetition reliability. In particular, the shelf stability and the 
repetition reliability are drastically improved. 

Clainns 

30 1 . A sputtering target for fabricating a recording layer of an optical recording medium capatile of recording and erasing 
information by utilizing changes in the phase of a recording material in said recording layer, said sputtering target 
comprising a compound or mixture comprising as constituent elements Ag. In, Te and Sb with the respective atomic 
percent (atom.%) of a. p. y and 6 tiiereof being in the relationship of: 
2 g a € 30, 

35 3 ^ p s 30. _ 

10 SYS 50, 
15 s 5 s 83. and 
a + p + T + 6= 10 0. 

40 2. The sputtering target as claimed in Claim 1 . wherein said compound or mixture comprises Sb and AglnTe2 with a 
stoichiometric composition and/or a nearly stoichiometric composition having a chalcopyrite structure. 

3. The sputtering target as claimed in Claim 2. wherein said AglnTe2 with a stoichiometric composition and/or a nearly 
stoichiometric composition having a chalcopyrite structure forms crystallites with a particle size of d. wherein d s 

45 450 A. 

4. A method of producing a target for sputtering, comprising the steps of: 

mixing Ag, In and Te elements to prepare a mixture of Ag. In and Te elements: 
fusing said mixture of Ag, In and Te elements at 600**C or more to prepare a fused mixture: 
so rapidly cooling said fused mixture to prepare a solid lump; 

pulverizing said solid lamp to prepare finely-divided particles; 

mixing said finely-divided particles witti Sb to prepare a mixture of said finely-divided particles and Sb: and 
sintering said mixture of said finely-divided particles and Sb. 

55 5. A method of producing a target for sputtering, comprising the steps of: 

mixing Ag. In, Te and Sb elements to prepare a mixture of Ag. In, Te and Sb elements; 

fusing said mixture of Ag. In, Te and Sb elements at 600**C or more to prepare a fused mixture; 

rapidly cooling said fused mixture to prepare a solid lump; 
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pulverizing said solid lamp to prepare finely-divided particles; and 
sirrtering said finely-divided particles. 

6. The method of producing a target for sputtering as claimed in Claim 4. further comprising the step of subjecting said 
mixture of said finely-divided particles and Sb to heat treatment at a temperature not higher than the melting point 
of said mixture prior to said sintering step. 

7. The method of producing a target for sputtering as claimed in Claim 5, further comprising the step of subjecting said 
finely-divided particles to heat treatment at a temperature not higher than the melting point of said finely-divided 
particles prior to said sintering step. 

8. An optical recording medium comprising a recording layer capable of recording and erasing information by utilizing 
changes in the phase of a recording material in said recording layer, said recording layer comprising as constituent 
elements Ag, In, Te and Sb with the respective atomic percent of a, p. y and 5 thereof being in the relationship of: 

0 < a s 30. 
0 < p ^ 30, 
10 ^y^50, 
10^5^ 80. and 
a+p + Y + 6 = 100 . 

9- An optical recording medium comprising a recording layer capable of recording and erasing information by utilizing 
changes in the phase of a recording material in said recording layer, said recording layer comprising as constituent 
elements Ag, In, Te, Sb, and nitrogen and/or oxygen atom with the respective atomic percent of a, p, y. 5 and c 
thereof being in the relationship of: 

0 < a 30, 

0 < p ^ 30, 

9^Y^50. 

9^5^80. 

0 < e ^ 5, and 

a + p-i>Y + 5-i-£=100. wherein £ is the total atomic percent of said nitrogen and/or oxygen atom. 

10. An optical recording medium comprising: 

a polycarbonate substrate, a first protective layer, a recording layer, a second protective layer, a reflective 
heat dissipation layer and an ultraviolet curing resin layer, which are overlaid in this order, said recording layer 
comprising as constituent elements Ag, In, Te and Sb with the respective atomic percent of a, p, y and 5 thereof 
being in the relationship of: 

0 < a ^ 30. 

0<p^30. 

10 g Y^50. 

10 ^ 6 ^ 80, and 

a+ p + Y + 6 = 10 0. 

1 1 . An optical recording medium comprising: 

a polycarbonate substrate, a first protective layer, a recording layer, a second protective layer, a reflective 
heat dissipation layer and an ultraviolet curing resin layer, which are overiaid in this order, said recording layer 
comprising as constituent elements Ag, In, Te, Sb, and nitrogen and/or oxygen atom with the respective atomic 
percent of a, p, y, 6 and e thereof being in the relationship of: 

0 < oc ^ 30. 

0 < p ^ 30. 

9 ^ Y^ 50, 

9 ;g 5 £ 80. 

0 < £ 2 5, and 

a p y + 6 + e = ^00 . wherein £ is the total atomic percent of said nitrogen and/or oxygen atom. 

12. The optical recording medium as claimed in any one of Claims 8-11, wherein a and y have the relationship of 
a - y/2 s -8 . 

13. The optical recording medium as claimed in Claim 10 or 1 1 . wherein the total of the thermal stress and true stress 
of each of said first protective layer and said second protective layer is at least 1 50 MPa. 
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14. The optical recording medium as claimed in any one of Claims 10 - 13. wherein said recording layer has a yield 
stress of at least 200 MPa. 

15. The optical recording medium as claimed in any one of Claims 8 -14. wherein said recording layer comprises a 
nitride and/or oxide comprising at least one of said constituent elements Ag. In. Te and Sb; or a nitrogen atom. 

1 6. The optical recording medium as claimed in any one of Claims 8-15, wherein said recording layer further comprises 
an element which is capable of forming an alloy or compound in combination with any of said constituent elements 
Ag. In. Te and Sb. 

17. A method of producing an optical recording medium comprising a recording layer, comprising the step of: 

forming said recording layer in a sputter chamber by sputtering by use of a sputtering target which comprises 
a compound or mixture comprising as constituent elements Ag. In. Te and Sb with the respective atomic percent of 
ot, p. Y and 6 thereof being in the relationship of: 

2 s a s 30, 

3 £ P s 30, 
10 ^T^SO. 

15 ^ 5 ^ 83. and 

a-|.p + y + 5 = 100,ina gas comprising argon gas and nitrogen gas with a concentration of 0 to 1 5 mol%. 

18. The method of producing an optical recording medium as claimed in Claim 17. wherein said compound or mixture 
comprises Sb and AglnTe2 with a stoichiometric composition and/or a nearly stoichiometric composition having a 
chalcopyrite structure. 

19. The method of producing an optical recording mecfium as claimed in Claim 18. wherein said AglnTe2 with a stoichi- 
ometric composition and/or a nearly stoichiometric conposition having a chalcopyrite structure forms crystallites 
with a particle size of d. wherein d s 450 A. 

20. The method of producing an optical recording medium as claimed in any one of Claims 17-19, wherein prior to 
said step of forming said recording layer by sputtering, the back pressure p Is set in the range of: 

3 X 10"7 s p s 5 X 10"6 Torr. 

21. The method of producing an optical recording medium as claimed in any one of Claims 17-20. wherein after the 
sputtering process, a gas containing nitrogen gas with a concentration higher than the concentration of nitrogen in 
said gas errployed during said sputtering process is introduced into said sputter chamber. 
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FIG. I 
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FIG. 3 



(a) 



17 
(S) 

15 
13 

-I I 



19 



(b) 





"7T 










■ ■■ _( 

















7 
(S) 
15 
13 

I I 



21 



20 



EP 0 717 404 A1 





CO 
Q 



ll I I 

O 50 100 

THICKNESS OF Ag-In-Te-Sb BASED 
RECORDING LAYER (nm) 



21 



EP 0 717 404 A1 



Ers (dB) 



0 o o 

U) lO ^ 

1 I I 

I — I — t — I — I — I — I — I — I — I — pT — r 



9 o o 

fO CM 

I f I 

1 I rn I I — I — I — I — I — I — I — I — r 



CD 
6 




ID 



in 



= 5 

£ 



or 

<VJ UJ 

o 

Q. 

Z < 

UJ 
Q. 



00 



I — i « i I l i r I I 1 I I I I I I I I i I I ■ i I I ■ . 



8 



O 
lO 



o 



o 
ro 



o 

CVJ 



C/N (dB) 



22 



EP 0 717 404 A1 




XX;iD:<EP 0717404A1 I > 



23 



EPO 717 404 A1 



Ers (dB) 



o 

iO 

I 



o 
in 
I 



o 



o 
to 
I 



T — I — r 



I I I » I I » I — I — I — I I I 



I 



o 
I 



lO 



GO 
CD 



I I 1 I I I i 



J L 



JLjl 



■ ill 



fO 



CM 



E 



o 

a> < 

LU 
Q. 



GO 



o 

ID 



o 



o 



o 

rO 



in 



o 



C/N (dB) 



24 



EP 0 717 404 A1 



o 




C/N (dB) 



25 



XXU>. «EP 0717«>4A1_I_> 



EP 0 717 404 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Namtcr 

EP 95 11 9669 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document witii indioMion, nrbere appropnato, 
of relevant pasaaecs 



RdevHt 
to I 



US-A-5 Oil 723 (HARIGAYA MAKOTO ET AL) 30 
April 1991 

* example 4 * ^ t -7 * 

* column 5, line 62 - column 6, line 7 * 

* column 1, line 61 - column 2, line 23 * 

US-A-5 156 693 (IDE YUKIO ET AL) 20 
October 1992 

* the whole document * 



EP-A-0 574 G25 (TDK CORP) 15 December 1993 

* claims 2.10; figure 1 * 

PATENT ABSTRACTS OF JAPAN 

vol. G18 no. 496 (M-1674) .16 Septenfcer 

1994 

& JP-A-06 166268 (RICOH CO LTD) 14 June 
1994, 

* abstract * 

DATABASE WPI 

Section Ch. Week 8632 

Derwent Publications Ltd., London, GB; 

Class M13, AN 86-207922 ^ 

& JP-A-61 139 637 ( HITACHI METAL KK) . 26 

June 1986 

* abstract * 



CLASSIFICATION OF THE 
APPUCATION Oot.CL«) 



1»8.16 

2 

8,12 

10 

9.11,17. 
19 

16 



1.2,8, 
17.18 



G11B7/26 
G11B7/24 
C23C14/34 



4,5 



The present search report has been dra«m up lor aU dains 



THE HAGUE 



14 March 1995 



TECHNICAL FIEUDS 
SEARCHED antCl.6) 



GllB 
C23C 



Holubov, C 



CATEGORY OF OTED DOCUMENTS 



X : particalariy relevant if taken alone 
Y : particulaily relevant if combined with 

document of the same categoiy 
A : technological background 
O : non-written disclosure 
P : intennediate document 



T : thcmy or principle underiying the invention 
E : eariier patent document, but published on, or 

after the filing date 
D : document dted in the application 
L : document dted for. other reasons 



A : I 



ober of the ! 



e patent family, corresponding 



26 



